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EHFRPHDQLQVSLUDWLRQIRUHQJLQHHUVDUFKLWHFWVDQGGHVLJQHUVOHDGLQJWRPDQ\W\SHVRIDSSOLFDWLRQVIURPFDUGERDUG
FRQWDLQHUVWRGHSOR\DEOHVSDFHVWUXFWXUHV>@7KHRSWLPL]DWLRQRIWKHJHRPHWU\RIRULJDPLOLNHVWUXFWXUHVZLWK
WKHJRDORIH[SORLWLQJDWPD[LPXPWKHLUGHSOR\DELOLW\KDVDOVROHGWRDQXPEHURILGHDVIRUGHYHORSLQJQRYHOVRFDOOHG
PHWDPDWHULDOVVHHHJ>@ZKLFKDUHE\GHILQLWLRQPLFURRUQDQRVWUXFWXUHGPDWHULDOVHQJLQHHUHGLQRUGHUWRDWWDLQ
SURSHUWLHVQRWDYDLODEOHLQQDWXUH)XWXUHWUHQGVLQWKLVILHOGDUHVXSSRVHGWRSDYHWKHZD\WRVWUXFWXUDOGHVLJQVVKRZLQJ
XQSUHFHGHQWHGIHDWXUHVDPRQJZKLFKWKHFDSDELOLW\WRVHOIDGMXVWWKHJHRPHWU\RIVWUXFWXUDOSDUWVLQUHVSRQVHWRWKH
YDULDWLRQVRIWKHVXUURXQGLQJHQYLURQPHQW>@
$VIDUDVWKHUHOHYDQWWHUPLQRORJ\LVFRQFHUQHGDQRULJDPLLVGHILQHGE\WKHIL[HGRUFRQILJXUDWLRQLQYDULDQWZD\
LQZKLFKDIODWVXUIDFHLVIROGHG7KHIROGVDUHFDOOHGFUHDVHVZKLFKDUHLQWXUQGHILQHGWKURXJKWKHLUHQGSRLQWVRU
YHUWLFHV 7KH UHJLRQV ERXQGHG E\ WKH FUHDVHV DUH WKH IDFHV &UHDVHV FDQ EH GLVWLQJXLVKHG LQWR ³PRXQWDLQV´ DQG
³YDOOH\V´GHSHQGLQJRQWKHIROGLQJGLUHFWLRQIRUPRXQWDLQIROGVIDFHVRQERWKVLGHRIWKHFUHDVHFDQEHWKRXJKWRI
DVURWDWLQJLQWRWKHSDJHZKLOHIRUYDOOH\IROGVWKH\FDQEHWKRXJKWRIDVURWDWLQJRXWRILW>@
:LWK WKHPDMRU DLPRIGHVLJQLQJQHZ VPDUW VWUXFWXUHV WKH FRQFHSWRIRULJDPL LV KHUHH[SORLWHG IRU D VSHFLILF
JHRPHWU\FKRVHQDVDPRGXOHRIDQDGDSWLYHVROXWLRQZLWKPXOWLSOHDSSOLFDWLRQVHLWKHULQH[WHUQDORULQWHUQDODUHDV
RIQHDUIXWXUHEXLOGLQJV>@7KHSURSRVHGVROXWLRQFDQEHVKRZQWRSURPRWHWKHHQHUJ\HIILFLHQF\RIEXLOGLQJV
DQGWRDOVRLPSURYHWKHLUFRPIRUWSHUIRUPDQFHVWDQGLQJDVDSRVVLEOHDQVZHUWRRQHRIWRGD\¶VPDLQXUEDQFKDOOHQJHV
'LIIHUHQWDSSOLFDWLRQVRIWKHDGDSWLYHVWUXFWXUHDUHKHUHHQYLVDJHGGHSHQGLQJRQWKHSK\VLFDOSURSHUWLHVRIWKHSDQHOV
PRXQWHGRQWKHIUDPHVHJLQLQWHULRUVIRUVRXQGDEVRUSWLRQDQGDFRXVWLFLQVXODWLRQDQGLQH[WHULRUVIRUVKDGLQJ89
ILOWHURUOLJKWUHIUDFWLRQV\VWHPV6RPHUHVXOWVDUHUHSRUWHGLQZKDWIROORZVIRUDSUHOLPLQDU\VPDOOVFDOHSURWRW\SH
PRYHGOLQHDUO\DWDVLQJOHSLYRWNH\SRLQWVHOHFWHGRQWKHEDVLVRIWKHRULJDPLNLQHPDWLFVGXULQJIROGLQJDQGXQIROGLQJ
)HDWXUHVRIDGDSWLYHRULJDPLVWUXFWXUHV
$VDOUHDG\SRLQWHGRXWDODUJHSDUWRIH[LVWLQJVROXWLRQVIRUDGDSWLYHRUPRUSKLQJFLYLOVWUXFWXUHVODFNVLQIOH[LELOLW\
DQGDGDSWLYHQHVV,QWKLV6HFWLRQZHEULHIO\WU\WRSLQSRLQWVRPHRIWKHVWULNLQJDGYDQWDJHVRIIHUHGE\WKHH[SORLWDWLRQ
RIWKHIROGLQJXQIROGLQJSURFHVVRIULJLGRULJDPLVWUXFWXUHVWKHULJLGLW\IHDWXUHRIWKHFRQVLGHUHGVXEFODVVRIRULJDPL
VWHPVIURPWKHGHIRUPDWLRQIUHHILHOGLQHDFKIDFHRIWKHVWUXFWXUHGXULQJWKHZKROHGHSOR\PHQW
7KHVHOHFWHGVWUXFWXUDOPRGXOHLVRID5HVKDQG&KULVWLDQVHQW\SHFRQVLVWLQJLQWKLUW\WKUHHSDQHOVZKRVHIXOO\DQG
SDUWLDOO\GHSOR\HGFRQILJXUDWLRQVDUHVKRZQLQ)LJXUHVHHDOVR)LJXUH0RUHFRPSOH[IODWJHRPHWULHVFDQWKHQ
EHREWDLQHGWKURXJKFOXVWHULQJLHE\WKHUHSHWLWLRQRIDVLQJOHPRGXOH
7KH WULDQJXODU VKDSH RI DOO WKH SDQHOV KDV EHHQ FKRVHQ LQ RUGHU WR KDYH VSDWLDO IROGLQJXQIROGLQJPRYHPHQWV
FRQWUROOHGDWDFHQWUDOYHUWH[FDOOHGSLYRWLQJSRLQWGHSHQGLQJRQLWVSRVLWLRQEDVLFDOO\RQLWVRXWRISODQHPRWLRQ
SHUSHQGLFXODUO\WRWKHIROGHGUHIHUHQFHFRQILJXUDWLRQWKHVSDWLDODUUDQJHPHQWRIWKHHQWLUHPRGXOHLVGHILQHG7KH
RULJDPLPRGXOH LVFRQQHFWHG WR WKHVXSSRUWLQJVWUXFWXUHE\PHDQVRIVSKHULFDO MRLQWV WKDWDOORZDQ\URWDWLRQ7KH
PHQWLRQHGSLYRWLQJSRLQWVHH)LJXUHIROORZVDOLQHDUWUDMHFWRU\GXULQJIROGLQJXQIROGLQJDQGWKLVDOORZVDQRYHUDOO
JHRPHWULFDPSOLILFDWLRQRIWKHYLVLEOHVXUIDFHVHWDVWKHSURMHFWLRQRIWKHWRWDOPRGXOHVXUIDFHRQWRDQDSULRULGHILQHG
SODQHOLNHHJWKHIDFDGHRQH7KHNLQHPDWLFVRIWKHRULJDPLKDVEHHQVLPXODWHGLQ*UDVVKRSSHUDQGWKHFRQVWUDLQWV
DWWKHFRQQHFWLRQVZLWKWKHEDVHVWUXFWXUHKDYHEHHQVWXGLHGLQRUGHUWRDYRLGDVPXFKDVSRVVLEOHELIXUFDWLRQDQG
RWKHU NLQGV RI JHRPHWULFDO LQVWDELOLWLHV 7KLV KDV EHHQ DFKLHYHG WKURXJK VROYLQJ WKH HTXDWLRQV RI PRWLRQ ZLWK
0$7/$%,WZDVLQIDFWQRWLFHGZKLOHDFWXDWLQJWKHVPDOOVFDOHSURWRW\SHGHSLFWHGLQ)LJXUHWKDWWKHVWUXFWXUHPD\
GLVSOD\LQVWDELOLW\ZKHQLWRSHQVZLWKVRPHVSDWLDORULHQWDWLRQVRIWKHIODWVXSSRUWVWUXFWXUHSRVVLEO\GHSHQGLQJRQ
WKHUHODWLYHRULHQWDWLRQRIWKHSODQHRIWKHIXOO\GHSOR\HGRULJDPLDQGWKHJUDYLW\GLUHFWLRQHYHQLIWKHVWUXFWXUDOZHLJKW
LVVXSSRVHGWREHDOPRVWQHJOLJLEOH7KHSUREOHPFDQEHH[SODLQHGE\WKHODFNRIULJLGLW\DWWKHMRLQWVEHWZHHQIDFHV
DQGKDVEHHQVROYHGE\DGGLQJDQH[WUDVWLIIQHVVWKURXJKOLQHDURUURWDWLRQDOVSULQJV
7KHVHOIDGDSWLYHQHVVLVILQDOO\JXDUDQWHHGE\DQHWZRUNRIPLFURVHQVRUVIRUDWOHDVWOLJKWLQJDQGWHPSHUDWXUH
HPEHGGHGLQWKHPRGXOHV6XFKVHQVRUVSURYLGHWKHLQIRUPDWLRQWRWKH3,'SRVLWLRQDOFRQWUROORJLFZKLFKPRYHVWKH
VWUXFWXUHDFFRUGLQJO\WKURXJKDQHOHFWULFPRWRU)RUWKHSURWRW\SHRI)LJXUHZKDWGHVFULEHGKHUHDERYHKDVEHHQ
GHYHORSHGZLWKDQ$UGXLQRV\VWHP


1425 Silvia Andreozzi et al. /  Procedia Engineering  161 ( 2016 )  1423 – 1427 

)LJXUH)XOO\OHIWDQGSDUWLDOO\ULJKWGHSOR\HGJHRPHWU\RIWKHRULJDPLVWUXFWXUHZLWKSLYRWDQGDQFKRUSRLQWVKLJKOLJKWHG
   
)LJXUH6PDOOVFDOHSURWRW\SHRIWKHVHOHFWHGRULJDPLIXOO\OHIWDQGSDUWLDOO\ULJKWGHSOR\HG
$SSOLFDWLRQV
7KHGHYHORSHGFRQFHSWILQGVLWVSODFHLQWKHFXUUHQWVFHQDULRRIVPDUWEXLOGLQJVZKLFKLPSO\DSRZHUIXOV\QHUJ\
EHWZHHQWHFKQRORJ\DQGKXPDQLQWHUDFWLRQ7KHRULJDPLVWUXFWXUHFDQEHLQWHJUDWHGLQGLIIHUHQWW\SHVRIEXLOGLQJV
IRUIDFDGHDSSOLFDWLRQVRUFRYHUWXUHRISDYLOLRQV,WVDGDSWLYLW\DOORZVWKHDGRSWLRQIRUERWKLQGRRUDQGRXWGRRUXVHV
,WFDQEHHDVLO\SHUVRQDOL]HGH[SORLWLQJGLIIHUHQWPDWHULDOVDQGUHOHYDQWSK\VLFDOSURSHUWLHVRUPRYHPHQWIHDWXUHV
)LQDOO\WKHEXLOGLQJVGRQRWQHHGWREHLQLWLDOO\FRQFHLYHGWRLQFRUSRUDWHWKHRULJDPLVWUXFWXUHDVLWFDQEHPRXQWHG
LQDODWHUVWDJH
3.1. Interior applications 
$SRVVLEOHLQWHULRUXVHLVUHODWHGWRDFRXVWLFDGMXVWPHQWLQFRQFHUWKDOOVEXWDOVRWKHDWUHVOLEUDULHVDQGXQLYHUVLW\
FODVVURRPVRULJDPLPRGXOHVFDQEHPRXQWHGRQZDOOVDQGRUFHLOLQJDQGWKHLUGHSOR\PHQWFDQEHDGRSWHGWRNHHS
WKHQRLVHOHYHOXQGHUFRQWURO6HYHUDOPRGXOHVFDQEHSODFHGRQDUHJXODUSDWWHUQLQWKHEDVLFFRQILJXUDWLRQDOOWKH
PRGXOHVDUHFORVHGDQGZKHQWKHVHQVRUVGHWHFWWKHDWWDLQPHQWRIDQDSULRULGHILQHGQRLVHWKUHVKROGWKH\FDQEH
DGMXVWHGLQWKHLUJHRPHWU\WRPRGLI\WKHDFRXVWLFVRIWKHURRP3DUWRIWKHRULJDPLIDFHVDUHVXSSRVHGWREHPDGHRI
VRXQGSURRIPDWHULDOVVXFKDVSHUIRUDWHGZRRGRUIRDPKHQFHWKHVRXJKWDFRXVWLFIXQFWLRQLVDFKLHYHGE\LQFUHDVLQJ
WKHH[SRVHGDEVRUELQJVXUIDFHVHHHJWKHVNHWFKLQ)LJXUH
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)LJXUH([DPSOHRIDGDSWLYHRULJDPLPRGXOHVPRXQWHGRQZDOOVDQGFHLOLQJRIDFRQIHUHQFHURRP
3.2. Exterior applications  
7KHPDMRUIRUHVHHQDSSOLFDWLRQLQH[WHUQDOFRQGLWLRQVLVWKHVKDGLQJRQH,QWKLVFDVHWKHVWUXFWXUHLVVXSSRVHGWREH
PDGHRIDOLJKWZHLJKWDOXPLQLXPRUFRPSRVLWHVNHOHWRQIUDPHQRWDIIHFWHGE\DJLQJGXHWRSRVVLEO\KDUVKZHDWKHU
FRQGLWLRQV7KH IDFHV DUH LQVWHDG VXSSRVHG WREH FRYHUHGE\SDQHOVZLWK GLIIHUHQW DLPV WKRVH H[SRVHGZKHQ WKH
RULJDPLLVFRPSOHWHO\IROGHGZLOOEHPDGHRIDFU\OLFJODVVZLWKVKDGLQJ39&DSSOLHGWKHRWKHURQHVZLOOOHWWKHOLJKW
SDVVWKURXJKZKHQHYHUWKHRULJDPLRSHQV$SSOLFDWLRQVPD\LQFOXGHFRYHULQJRISDYLOLRQVLQSXEOLFVSDFHVERWKIRU
OLJKWLQJDQGZHDWKHUSURWHFWLRQSXUSRVHVVHH)LJXUH
)LJXUH([DPSOHRIDGDSWLYHWUHHOLNHRULJDPLPRGXOHVIRUOLJKWLQJDQGZHDWKHUSURWHFWLRQLQSXEOLFVSDFHV
7KLV W\SHRI DSSOLFDWLRQKDVDQDGGLWLRQDO HQHUJ\ VDYLQJSXUSRVHE\RSWLPL]LQJ OLJKW FRQGLWLRQV DQG WKXVE\
FRQWUROOLQJWKHLQGRRUWHPSHUDWXUHLWDOORZVWKHUHGXFWLRQRIHQHUJ\FRQVXPSWLRQZKLFKOHDGVWRDPLQLPL]DWLRQRI
WKHLPSDFWRQWKHHQYLURQPHQWDQGWKHRYHUDOOH[SHQVHV$QH[DPSOHRIOLJKWLQJFRQWURORIIHUHGE\SDQHOVPRXQWHG
RQ EXLOGLQJ IDFDGHV LV UHSRUWHG LQ )LJXUH  +HUH E\ H[SORLWLQJ WKH VPDOOVFDOH SURWRW\SH DQG DVVXPLQJ WKH
WUDQVOXFHQF\RIWKHSDQHOVWREHGLIIHUHQWGHSHQGLQJRQWKHLUUXOHVDVVSHFLILHGKHUHDERYHDQLGHDLVSURYLGHGLQ
WHUPVRILQWHULRUOLJKWLQJOHYHOVJUDQWHGE\WKHDGDSWLYHRULJDPLPRGXOHDWWZRGLIIHUHQWGHJUHHVRIGHSOR\PHQW7KH
DSSOLFDWLRQRQIDFDGHVDOVRSHUPLWVDQLPPHGLDWHDQGHIIHFWLYHFKDUDFWHUL]DWLRQRIWKHEXLOGLQJVOHDYLQJDSHUPDQHQW
PDUNLQWKHDUFKLWHFWXUHRIDFLW\
&RQFOXVLRQV
,QWKLVZRUNE\LQWHJUDWLQJDQRULJDPLEDVHGWKLQDQGOLJKWZHLJKWVWUXFWXUHZLWKDVHQVLQJDQGDFWXDWLRQV\VWHP
DVHOIDGDSWLYHVPDUWVWUXFWXUHKDVEHHQSURSRVHG7KHDGRSWLRQRIRULJDPLLQDUFKLWHFWXUHDQGLQWHULRUGHVLJQFDQKDYH
DQ LPSDFW GXH WR GLIIHUHQW UHDVRQV OLNH HJ FXVWRPL]DWLRQ VXVWDLQDELOLW\ DQG DHVWKHWLF YDOXH)XUWKHU WR WKDW WKH
UHTXLUHGWHFKQRORJ\LVUHODWLYHO\HDV\WRLPSOHPHQWDQGPDLQWDLQ
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)LJXUH,QWHULRUOLJKWLQJOHYHOVGXHWRGLIIHUHQWGHJUHHVRIGHSOR\PHQWRIWKHDGDSWLYHRULJDPLPRGXOHPRXQWHGRQEXLOGLQJIDFDGHV

0DWHULDOVPDQXIDFWXULQJRIWKHVWUXFWXUHDQGHQHUJ\FRQVXPSWLRQGXULQJWKHZKROHOLIHF\FOHDUHQRWVXSSRVHG
WREHKLJKO\H[SHQVLYHVRDOORZLQJWKHFRVWVWREHDIIRUGDEOH6LPXODWLRQVDQGSURWRW\SHVGHYHORSHGLQWKLVDFWLYLW\
KDYHFRQILUPHGWKHFODLPHGIOH[LELOLW\SDQHOPDWHULDOVFDQEHFKRVHQGHSHQGLQJRQWKHVSHFLILFDSSOLFDWLRQJODVVHV
IRU89ILOWHUWHPSHUDWXUHFRQWURORUOLJKWUHIUDFWLRQDQGZRRGIRUVRXQGDEVRUSWLRQDQGDFRXVWLFLQVXODWLRQ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